Influence of inhibitor concentrations and carbon steel microstructures on inhibitor
adsorption mechanism investigated by atomic force microscopy
Introduction

Methodology

❖ Organic surfactant-type corrosion inhibitors are widely
applied in the oil and gas industry, exploiting their high
efficiency at low ppm concentrations, minimal toxicity,
and cost effectiveness.
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❖ The BDA-C14 inhibitor molecules have different
adsorption behavior on cementite and ferrite
microstructures, leading to different adhesion forces
and molecular orientations.
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❖ The investigation of organic inhibitor adsorption and
inhibition mechanisms on carbon steel has been
limited by the lack of surface characterization
techniques at a molecular level.
❖ Atomic force microscopy (AFM) capabilities can go
beyond local visual observations,
enabling
characterization of mechanical properties of an
inhibitor film; such as through friction and surface
stiffness measurements through multiple operational
modes.

❖ The BDA-C14 inhibitor film covered both ferrite and
cementite structures.
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❖ The special adsorption behavior of inhibitor on
cementite structure means the carbide component of
the microstructure directly influences inhibitor
adsorption which could decrease inhibitor efficiency.

Background1
❖ Topography image: a map of surface height.
• Brighter region: larger height
• Darker region: smaller height

Future work

❖ Friction image (contact mode): a map of lateral
bending of the cantilever in contact mode-friction
force.
• Brighter region: higher friction force
• Darker region: lower friction force

Both cementite structure and ferrite structure are covered
with inhibitor film.

Inhibitor adhesion force on cementite < adhesion force
on ferrite.

Test matrix
Conditions

Test Apparatus

AFM

Image type

Topography, friction, phase

Material

UNS G1018 Steel

Temperature / °C

25

pCO2

0.97 bar

Working Solution

1 wt.% NaCl at initial pH 4.0±0.1

Corrosion Inhibitor Model
Compound

tetradecyldimethylbenzylammonium
(BDA-C14)

Inhibitor Concentration

0, 100 ppm

Impact on corrosion community

In air

Synthesis of Corrosion Inhibitor Model Compounds2
CnH2n+1
Reflux
Overnight

Benzyl-dimethylalkyl-ammonium
bromide

Dimethylbenzyl-amine

Element
Amount
(wt%)
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Friction contrast is caused by a “pure” friction force difference between the cementite and ferrite.
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❖ Identify the influence of different microstructures of
the ferritic-pearlitic carbon steel on inhibitor
adsorption behavior and inhibition mechanism.
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Cross-section analysis
1st derivative of "Topography" (nm)

n = 4, 8, 12, 16

1st derivative of "Friction" (V)

CnH2n+1Br
Bromoalkane

Polar head-metal surface
interactions
ε𝑠 = 5 Stronger

Lateral tail-tail interactions
ε = 0.065 Weaker

The friction difference between bare
cementite and bare ferrite can be neglected.

1st derivative of "Topography" (nm)

+

Topographical contribution to the friction
image is small.

Acetonitrile

Objectives

❖ “Quaternary ammonium corrosion inhibitor molecules
have different adsorption behaviors on cementite
versus ferrite.”

Interspaced metal substrate

Topography (nm)

❖ Studies related to inhibitor adsorption mechanisms on
ferritic-pearlitic carbon steels can be connected with
the practical issues that iron carbide can impair the
corrosion inhibitor performance on carbon steels. This
AFM work connects the corrosion inhibition effect with
the carbon steel components at a molecular level for
the first time. Physical explanations regarding the
interactions between inhibitor molecules and carbon
steel microstructures can also be provided with the
assistance of molecular simulations.
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❖ Phase image (tapping mode): the phase lag of the
cantilever is monitored and converted as phase image.
• Brighter region: harder surface
• Darker region: softer surface
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Parameters

The adsorption mechanism of inhibitors with different
headgroups on 1018 steel surface will be investigated
by tapping mode AFM phase imaging and contact
mode AFM friction imaging.
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